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The invention is described in the following statement 



✓ • DURABLE r .S^m^3^Om0BlC COATING 

fiSSw t °- the teC ^-^ m particular, the invention relates 

ST fjfe" S ^ erh ^^oatings on the surface of a substrate, and 
sup^hydrephobic coati^reparedby the-method, _ 

Backeround-to the Invention ■/ V> ' 

rftSW^ rffc '* iWr *'« ** auquid,-Th* weflabiHty 
«^^«*?«nfcnt on bo(h ae physical and chSnical heterogeneMy of ao 

Tte contact angle 9 made by a droplVof liquid on ae surface of a solid subsuate has 
been used ss a quanntatrve measure of a. weaSSffiiy of ae surface?]^ liquid 
15 spreads completely across a_e surface and fotms a film, ae contact angle 9 is 0* If 
aere is any degree of beading of ae liquid on ae surfece, ae surface is considered a 
oe non-wetting. 
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A surface ,s usu^ly considered to be hydrophobic if ae ccntect angle of a droplet of 
water ,s greater man 90?. Coatings-on Winchester has a cnntact angle greaterL. 99- ' 
^redtoashydrephobioceatings. Suriaceswia water conges gre^L 
130 arecommonlyrefe^edwassupeAy^^ SImi coafingTon wWch 
water has a contact angle greater ftau 130° are commonly referred to as 
superhydrophobic coatings. 

Hydrophobic surfaces have BWe or no tendency to absorb water and water forms a 
ascrete dreple* on aesnrftce. An e*amp,eofa hydrophobic surface is a 
polytetraflnoroeaylene (Teflon™) surface. Water contact angles on a 
po^tetrefluoroeaytoe surface can reach about U 5-. This is about ae upper limit of 

esn be tncreased, however, by causing ae surface to become physically roughened. 

n^TflTnf l hCto ~ »" - — -V ^o content ang.es that can be 
-CZfJ^T *" fa abonl 10 1011 0* iUusnutes this 

measurable contact angle and 155 m11*v* n j ^ 

angleofaerecedmgieofrlX^rr 0 ^^" 9 ^^^ 

6 uic oropiet represents the minimum measurable contact 
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angle and is called the receding contact angle or e TO . The difference between the 
advancing and receding contact angles is known as the contact angle hysteresis and 
defines the degree of dynamic wettability. 

5 The contact angle hysteresis of water indicates the stability of a droplet of water on the 
surface, the. lower the contact angle hysteresis the less stable the droplet is and therefore 
the easier the water droplet slides off the surface. 

Hydrophobic coatings, and in particular superhydrophobic coatings, have many uses 
10 Hydrophobic coatings are used to render surfaces water proof or water resistant 

Superhydrophobic coatings have a "self-cleaning" property as dirt, bacteria, spores or 
other substances which come into contact with the surface cannot readily adhere to the 
coatmg and are readily washed off by water. Such coating are therefore used . to render 
^aces resistantto attachment by water soluble electrolytes, such as acids and alkalies 
15 and by dirt and micro-organisms. Such coatings are also used to render surfaces ' 
resistant to icing and fouling. 

Methods of forming superhydrophobic coatings, and applying superhydrophobic 

20 and^ f )°,^; taT ^ d0rtbedin,hepri0raIt ^ example, WO 98/42452 

£ * TT . 1 ™ efll0dS ° f fOTming s^fcophobie -atin^. However, 

wn m ^of by "* me,h0dS " escribal iB W ° °8">24 52 and 

WO 01/14497 are generally easily damaged and removed fern the surface «o which 

toy are apphed. Such coatings therefore have a limited lifespan when exposed to an 
abrasive environment. y ■ 

25 

hi view of the many practical uses of superhydrophobic coatings, it would be • 
advantageous, to develop methods of preparing more durable superhydrophobic 
coatings. r 

30 . Summary of the Invent.™, 

In afirst aspect, the present invention provides a method of forming a hydrophobic 
coating on the surface of a substrate, the method comprising the steps of 
(a) applying a mixture comprising a particulate material and a linking agent to the 
surface to form a coating on the surface, wherein the linking agent is capable of 
forming a polymer strand linking two or more particles of the particulate 
material and capable of forming a polymer strand linking the surface and one 
or more particles of the particulate material; 



(b) exposing the coating to conditions such that the 

polymer stands hnbng two or more panicles „ ^ 

165°. nuny at least 1 60 , and even more preferably, at least 

durable hvdrnnhn^ ^——-^ Polymer strands which results in a more 

tenninal vinyl groups T^ S '^ m ^^^^»^ 

copolymer, vinyl tanimated trifhC tenmMted ^<^aoxaneHBm,*yIsil OX ane 

be cross-linked by dehvdro^T h< " n0 P o, 5™«- ^ Polymer stands may slso 

Po^erstand^^^^^^^^'-Bronponone 
■s wita asilanol group on another polymer stand. 



b^hobrc coahngon to surface of a aubshate, the medtod comprising the steps 0 f. 

peroxide, to the surface to form a coating on the surface, wherein the linking 
agent* capable of forming apolymershand linking two or more particles of 
mepamcujate material and capable of forming a polymer strand Hnldng the 
surfice and one or more particles of me particulate material, and wherein me 
peroxrde ts capable of cansing a peroxide catalysed cross-linking reaction 
between the polymer strands formed by the linking agent- 

sunnds Imkmg two or more particles of the parriculate material, and forms 
^^^me^andmteornmreparteusoftop^ 

(0 exposmgthe coating to conditions effective to cause a pemxide catalysed 

rn^r a T^ raMi ^ M ^ omepoi ^^^s to o 

ormoreparbcles or unking the surface and one or more particles 
to anofoer embodiment, Are present invendon provides a memod of forming a 

takmg agem ra capable of forming a polymer shand linking rwo or more 

2T' ^T"-* -- - ^ apolymers^and 
wneZtte^t! md ""^"P**^ of the particulate material, and 
wh^em *e plahuum cahuys, is capable of catalysing a cross-linking reaction 
between the polymer strands formed by the linking agent 

ZTnntt CMditi0n! «*»h. Unfc^ agent forms po.ymer 
.hands hnfang two or more particles of mepardculate material, andforT 

po.^er^hnkmgmeam^eandoneormomparhc.eaofmeP^e 

<C) ZsTil te ^ 8toCOTffiWeff ^ Veto0 ™"P^™ca«y S ed 
ormorepamclesorlinldr.gmesurftceandoneormoreparticlea 
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• thereby fonning a hydrophobic coating on the surface on which water has a contact 
.. angle of at least 130°. 

In another embodiment, the present invention provides a method of forming a 
5 hydrophobic coating on the surface of asubstrate, the method comprising me steps of 
(a) applying a mixture comprising a particulate material, a linking agent a 

polymer having terminal vinyl groups and aplatinum catalyst, to the surface to 
form a coatmg on the surface, wherein the linking agent is capable of fonning a 
polymer strand Unking two or more particles of the particulate material and 
• capable of forming a polymer strand linking the surface and one or more 
parhclesofthe particulate material, and wherein the platinum catalyst is 
. capable of catalysing a vinyl addition cross-linking reaction between the 
polymer having terminated vinyl groups and the polymer strands formed by the 
hnkmg agent; ' 

15 (b) exposing the coating to conditions such that the linking agent forms polymer 
strancis. hnking two or more particles of the particulate material, and forms 
polymer strands linking the surface and one or more particles of the particulate 
material, thereby linking the particles together and to the surface by polymer 
strands, and 

20 (c) exposing the coating to conditions effective to cause a vinyl addition cross- 
linking reaction between the polymer having terminal vinyl groups and the 
polymer strands linking two or more particles or linking the surface and one or 
more particles, 

drereby forming a hydrophobic coating on the snrfcce on which wator has a ttontac, 
25 angle of at least 130°. 

method acconhng to the first aspect of the present invention. 

3 0 taa third aspa* the present invention provides an object having asmface at leas, a 

toteW t^T*™* ah ^' WbiC f °™«> by ti,e method according 

to the first aspect of the present invention. 
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Detailed Descrintinti «fth~ T„ rnitirm 
Particulate Material 

Tne particulate material may consist of particles having substantially equal 



diameters, 



to paittcte have Aatteters withi, ftetange of fiom lam*. 500am MorenreferaL 
A»MH Kr i.tt.> v .ta 1 nm to lOO^adnmompreferably „ J 
and even more preferably in the range of from 5 nm to 50 nm. 

to one embodiment, the particulate material consista of paruclee having an average 
parhcle an* (dmrneter) in the range of to 1 nm .o 500 ^ m a farther embodLrt 

e^odnnen, fl >eavemgeparne,esizeismm.ran g eof fi nm5nm to 20nm.to y e.a 
further embodunent, the average partiele size is about 15 nm. 

parhcles, sueh aa flame-hydrolysed sibca particlea. However, omer parrienhae rZLl 
^gparrielesofanappropri^si^couMbensed.Om „J£££T 

oxtdes, such as htamum ox.de, ataninium oxide, zireoninm oxide and zinc oxide. 
Tie pMienlate material may eompriae a mixture of two or more types of partielea For 

Chemical Modifying Reagent 

h^e ernhodimenta me particles of me particulate material are modified by cordacr 
Topically, the chemical hydrophobicity of the particles is enhancedby the chemical 

parhclea.omelnUangagentm^Wofn.ememc^ofmepreaentmvX 
Tuer^cuhtematerialmaybe comacTed with the chemical modifying reagent prior ,o 
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formation of the mixture comprising the particulate material and the linking agent 
Alternatively, the chemical modifying reagent may he included in the mixture 
comprising the particulate material and the liiiking. agent applied to the surface in step 
(a) of the method of the present invention. Accordingly, in some embodiments of the 
present invention, the mixture applied to the surface in step (a) further comprises a 
chemical modifying reagent capable of reacting with at least someof the particles of the 
particulate material to enhance the chemical hydrophobic^ of the particles. 

In some embodiments of thepresent invention, the chemical modifying reagent also 
enhances the ^cross-linking, of the polymer strands by binding to the polymer strands and 
providing additional cross-linking, sites. 

The chemical modifying reagent may be a compound containing one or more 
condensation cure groups and one or more hydrophobic groups, the one or more 
condensation cure groups may include one or more of the following groups: acetoxy 
enoxy, oxime, alkoxyL or amine. Such chemical modifying reagents include 
compounds of the formula SiR(OAc) 3 , where R is ahydrophobic group such as methyl 
ethyl, vinyl or tnfluropropyl, and Ac is an acetyl group. 

Alternatively, different compounds may be used as the linking agent and the chemical 
modifying reagent. 

Linking Agent 

STJT^T T ** ^ COmPOmd ° r ° f con " ,OUBds "H* °«<»n^ * 

polymer strand takmg .wo or more particles of the particulate material and eapable of 

fcrmmg polymer stand IMdng me surface ami one or more particles of the particulate 

^^«T? ne, " S • *" "** age " iS oapableof 

? 10 ' WOOr ^ ° f *■ — « thereby Jmkmg 

the parties by a polymer strand, and eapable of oovalendy binding to the surface and 
one or more pamefes of the patentee material thereby linking the surface and the one 
or more particles by a polymer strand. 

^enaeprtcles of the particulate material have hydroxyl groups on the surftee of 
the parodes, suriable polyu^ include siloxane polymers. Such polymem are capable 
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*X 4 *f ° n 0f "» ^ a condensation 

-action. Xta potion can a>so render me surface of the particle chemically 
hy*ophob,c For example, when the particulate material is flame-hydro Ja silica 
5 ^"^^'vmers are capaMe ofbhrding «o hydroxy, 

m^r w ^-^.^ychanginsmehydrophiUo sLt, gLp (tloH) 
to a hydrophobic siloxane group (sSi-O-Sis). n ^ 1Unj 

m^*Z rOPylm ? ylSi,OI[a,,e (SflaK>1 Bminated) - ^Imemylsaoxane- 
dmtemylstloxane copolymer (ailanol terminated) and vinytaemybfloxanes. 

15 The invention is no. limited, however, to memods involving me nse of ailoxane 

triethoxysilyl modified poly-U-butadiene ZTT'JT ?° *° 

P iyi^ butadiene and polyemylene-coltrialkoxyvinylsilane. 

^~u^ 
. and one or more particles af^Sl^Za *** ^ 

^%t 0neOTm ™^ C,Kbya ^^~y b o»dmt^ 

0 the paniculate material and me linkina aaent .wZT 1 !l 6 com P nsta S 

Mixture 

3S r^.^^^*^^*^ 



For exempt me ntoare may inch.de a chemica. modiiymg reagen, as described 
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above, a. nature will ^ faclude , ^ ^ 

for example, hexaue, ettyl acetate, toluene, methylethyl ketone or diethy. ether. ' 

Tfe mixture may also include components for.catalysing the cross-lWdng of the 
^^.^'■y^Hmdngagent For example, me mixture may include a 
perox.ee for cross-lmking .he polymer anmds by a peroxide candysed reaction 
SnmtaJy, mennxturemay include a platinum c*aTys« for catalysing <ke chunking 
of the polymer strands by a vinyl addition reaction. 

^Lfa^ toto ^° f *^^^maybeine I „d^h lt hentixt^ 

tooti^r ' ° me ^ ate " OTto ^-^^heJbind 
K oti« pollers ™ cross-linidng reactions, may he included in the mixture «o 
15 facilitate eras-linking between the polymer strands. . 

fits** (a) of mememod of me present invention, the mixture may be applied to me 

20 m^Z ^T^™™-*'^ However, more xypicaUy, ,he 

25 mixture, if any, in an ultrasonic btT COmP ° ,,al,S ° f * e 

^mixture may he applied to the surface by any technique suitable for forming a 
^ A~Z^- ^^^^P^'^mixutreol^e 

this technioue Z ^ ^ A tectai « tte is <*» *> 

^^»arrurrr^^^ ierf «- 

winousandrpm. The mixture is deposited drop-wise onto the 
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substrate whilst it is spinning, which results in a highlvuniw, * 

tectaique, a spray solutoo^ ^ ^technique is spray coattog. m ^ 

whiohtha substrata ^ 3^ t f"** " ** «-»— - 

20 Steps (b) and (c) 

4ep^ C a latem a^ 8 ^r^rr ,mCT5ta, ' dS K,fld,,g,WO —"P-W-f 
25 surface bypolymar strands Th. .. ° y ^ mg<he P art,clesto 8«ft«=ndtorie 

. ^eabyaparsoa^rL^™" 00 ^^''-^ 

linking the surface a nH««» material, and form polymer strands 

the caring to anrbien, .an^l^^ "? » -» *»*• 
to form polymer stands a,^ ^ ZT^l ■ , ae <«« 

5 POlymerstrandsHnKngthesur^ 

*^ s ^»o»n= OT m 0 rapartiaIe S oftbapart. clJ a t a materiaI . 
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typical* invdv^ heating the coating «o a temper andfor a tiine effective fcr .he 
agen,,o fore, polymer strands linking,™ ormo^artidec of the particulate 

Step (c) of th e method of the present invention' involves exposing tire coating to 

Pamc.es of tire particuUte material hnMng «he surface and one or more particle^ 
* m» — , .*. o^lfnt with otter poller strands .inking two or more 
particles or linking the snrfaee and one or more particles. 

The polymer strands may be cross-linked by any means known in me art for cross- 
h^ngpolymem. Prefereed means are by a radio* ero«. 1 mkmg reaction^ by 

to some embodrments :of me invention, me mixmre comprising fteparticnWemaS 
and the hnkmg agent further comprises .polymer having temnnal vLyl gmnpsTdT 

— vmyigreupsandmepolymerstiands. Thepoiymerstinndsm^alsToelss- 
taked by dehydrogenative coupling, in which a hydresUane grenp on one poTymer 
stinadreactew.masaanolgro^.onanotherpolymersnand. POI,0nei>0l3m ? 

m7J^7 "??, W ° f ** me8, ° d ° f ^ te ™*>- ™" vary depending on 
™tet 1,MWroi>nate — ^bereadilydetertninedbyapersm, 

Asmentioned above, in some embodiments of me present invention, the polymer 
Sti^are^ss-lmkedbyaramcmcress-hn^^ 

-hca. --^reaetionc^ysedbyperexidetypicahy J„W^ 
Thereon may be between a viny, grenp on one polymer stiand and a 

brfwe™ so* group, „» apoiymer strand and an adjacent chemical modifying Cent 
with concomitant or.subsequent reactions with mnth , momrymg reagent, 



T t^f y mV ° IVeS heatiBg *" '° 8 to ^*« of fa, about 100 -C to 

te 150 »C for a toe effective to cause a. teas, some of the po lymer ^ to ^ 

tat ^^ecaa^acroaa-liuku^reacuoumayoccurovcnifuovinylgtoupsarc 
present, provrded a large amouut of peroxide ia used. The peroxide maybe any 
S P^^aptMeofcatalyatagfce^^ 

peroxide 2,4-dichlorobenzoyl peroxide, or benzoyl peroxide. 

in some embodiments of the present invention, the polymer attends are eroaa-linked by 

10. faction, ^"acaonmaybebe^eeuavmy.groupononepo.ymerstomdja 
hydrosrlane group on an adjacent polymer stiand. Alternatively, the reaction,^ 
^^<*Wonapolymers^^ 

wrth orsubseauentreactions with another porymersumrd orTeLcal 

modrfymg reagent or reagents forming a-croas-link with another polymer tfrand. 
15 SurtaMe platinum catalysts include platinum divtoyl complexes or platinum cyelovinyl 
complexes Such reacticma can be earned ou, a. room temperatures or heal c^dT™ 

20 

toacme embodhnente of me present inventjon, step (b)is carried out prior to stop (c) 
■ ^^^^^^ 

15 ^^^"^^^^^^^^^P-^^endonis 
. to a cornbrnabon of both mttinsic hydtoph of ^ 

coating and the physreal surface stiuctore of flre surface of Ore coating. Ac^rdml 
^emetirodofmepr^entmv^^p^^,,, e palate tn^aftf 
"°<^>y*^yhy<3r^^^ The 

^^^wimtireh^ggmup.orr^tingwimachlcalntodi^ 
reagent. Smularly, ,t is preferred tharthe linking agent forms ool,m,~ ^, * 
trechentically hydrophobic. strands.wh.ch 

5 ^% PreSa " inVe,,ti0n " e m ° re T ^<o^ Oto invention will 

now be desenbed with reference to certain preferred embodiments 
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10 



15 



preferred embodta^ tte „ ^ • - 

agenttsasuoxanepolyner, such as hydroxy terminated PDMS or.n,„JL 'f 

^7 M «^>P^ai»int to r^of5to50 ffl o. F WhZly,^ 
onai I ^Si-OH). However, the surface chemist™ nfti,. „ ^ , • , 

^.^lUl^^,,,^,,^^ ugh 



tennutated with hydroxyl groups Which function as aites where the^PDMS molee 1 • 
are able to react with and bond to two silica particles The P^rc! ° 
25 hydrophobic wheuthe hydroxyl group S are—Trf',, " 

particles. . . °*yt groups areremovedby reaction with the sOica 

* . * 

Iq such preferred embodiments of th^ ««o^*- ; * 

ocuurbetw^esmcaparS" T^* 6 ^^ 0 -^ 
30 moduVhtgroagentaro * °™ h " chentica. 

■ .V oh 



9 Ac -3AcOH ' 
r°H + AcO-^hR — ->- 



•OH 
Colloidal silica 
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2) 



reaction between PDMS and the chemical modifying reagent: 



9A Q 

AcO-^hH 
OAc 



Me/ iyi e \ iyi e 
HOr^M-O-SI— j-Ml-OH 
Me\ Me/ n Me 

PDMS. hydroxy terminated 



10 



3) 



»?' Me/ Me\ Me R 

AcO-ShO-^hj-O-Si-io-SI-O -Si-OAc 
" OAc Me \. Me/ n Me OAc 

reaction between PDMS and the silica particles: 



HOS, 



15 



Me/ Me\ Me 

3p(-0-Sj J-O-Sr-OH ' 

M *\ . Me/ (tie " 



-H 2 0 



Silica 



HO-Spj^O-Sj 1 osj- 

"/ -Me\ Me/ 



■OH 



20 



B Me/ Me\ Me. B 

oac. iii e \ , Me y ,{,; r 



P Me/ Me 
^Sf-OSH-4-o-Sr- 



1 



-2AcOH 



Me R 

O-SpO-Sr-OAc 
Me / Me OAc 



^ .y-OH 



30 



Y 0*/W* 
,^0— -Sp-CH, + CH^CH-Si OW 



RO 



-ROH 



35 



iAAf<(3 S 



where ^ mdicates-a polymer chain. 



-CH— CH a — CH 2 



CH 3 



CH3 



-s 
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Across-linking reaction may occur even if tie polymerias have vinyl gronps, 
provroea a targe amoan. of peroxide fe pres?nt fc ^ . ft . * » • 

causes cross-linking is as follows: * . ~ 



10 



r 

-Sjt 



RO 



-ROH. 



-CHa ch 2 — s 

. CH 3 . 



CH 3 
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In some embodiments of the invention, polymers having terminal vinyl groups are 
Z^™^ ° f ^ P — 6 — - ^ lining agl^I c ^ case 
usmg aplatmum complex as a catalyst The.reaction scheme is as follows 



— 0 

-O Sr 



CH 3 




Pt 



~1 



CH 3 



-CH2 



•'Sp O- 



CH3 



Examp les 

In the Mowing examples, the particnlaro material is flaroe-hydrolysed^ulca powder 
wAeroan stitca. Tie specific surface area of Aerosil™ silica is about 50-600 m=7a 

coatmg formed using such particles, jwuesoiuw 
Comparative Example • 

^n^rw w ^ tote ^ of ^^-^ 



• The folldwing were mixed together: 

0.4gPDMS (hydroxy tenninated) C AS [70131-67-8] 

03gmethyltriacetoxysilane CAS [4253-34-3] 

5 O.lgAerosil silica powder, and 

~20mlhexane. * 

• Hxe mixture was mixed well and vibrated in an ultrasonic bath for 15 to 30 minutes 
to disperse the particles and form a uniform mixture. Vibration frequencies of 
about 40 kHz were used. - 

10 • The mixture was removed from the ultrasonic bath 

• Wi^out allowing the mixture to settle, the mixture was deposited onto the surface 
of the substrate by spray coating. Other techniques such as spin coating or dip 
coating could have been used. 

. The coated substrate was placed in an oven at a temperature of about 150°C for 10 
15 . to 30 minutes. The coated substrate could alternatively have been cured at room 
temperature. 

^^ -f ^^^of^onfte coated surfaces w«e measured by an 
automated contact angle mstrument goniometer (made by Rame-hart, Inc) to be: 



20 

Glass substrate 
Contact angle: 154° 
Hysteresis: 75° 

5 Rubber substrate 

Contact angle: 155° 
Hysteresis: 31° 



) 



Example 1 

S. thto example, a hydrophobic coating was appheo to the surfaco of a glass and rubber 
***** us m g a method similar ,o «ha« in .be above Compare Example, exol to 
•bepoymersti^^edbymelinldng agen.O^y.en^p^^' 1 '* 
C^ln^vtaaneeradica.c^s-Unxingxeaenc.n. The c^s-hu.dng^uTas 
caWysedbytbepreseneeof.largeamonntofperoxide *»«*«»«» 



The coatings were applied as follows: 



• The following were mixed together 

0.4gPDMS (hydroxy terminated) CAS [70131-67-8] 

0.3gmethyltriacetoxysilane CAS [4253-34-3] 

O.lgdicumyl peroxide - CAS [80-43-3] 

O.lg Aerosil silica powder, and 
~ 20 ml hexane 

• The mixture was mixed well and vibrated in an ultrasonic bath for 15 to 30 minutes 
to disperse the particles and form a uniform mixture. Vibration frequencies of about 
40 kHz were used. 

• The mixture was removed from the ultrasonic bath. 

• Without allowing the mixture to settle, drops of the mixture were deposited on the 
surface of the substrate by spray coating. 

• The coated substrate was placed in oven at a temperature of about 150°C for 30-60 
minutes. 

The contact angle and hysteresis of water on the coated surfaces were measured by an 
automated contact angle instrument goniometer (made by Rame : hart, mc) to be: 

Glass 

Contact angle: . 166° 
Hysteresis: 19° 

Rubber 

Contact angle: 166° 
Hysteresis: 55° 



Example 2: 



In this example a hydrophobic- coating was applied to lire surface of a glass substrate 
and a rubber substrate as described below, m this example, the linking agent was 
vmyterloxane polymer (hydroxy tenninated). This polymer includes vinyl groups 

formt^vt r T ^ ° f P^-s. -The polymer strands 

formed by thrs hnkmg agent were cross-linked via a free ramcal cmss-linking reaction 
using a catalytic amount of peroxide. s«acuon 

• The following were mixed together 

0.50g vinylsiloxane polymer (hydroxy tenninated) CAS [67923-19-7] 
0.36g methyltriacetoxysilane CAS r 42 53-34-3] 



10 



15 



20 
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.CASI8.M3.3] 

0.12gAeroalahca powder, and 
~25mlhexane . 

Tie mixture was removed from the ultrasonic bath 

acontotm ^»*™>entgoniom«er(madebyRam4-l lart , aic)tobe: 

Glass 

Contact angle: 166° ' 
Hysteresis: 9° 

Rubber 

Contact angle: 162° 
Hysteresis: 35° 



5 Example 3 



In this example, a hydrophobic coating was a«nl,Vrf t« * 

and a rubber substrate as de^riK J7f to fee surface of * glass substrate 

substrate incluaedto p^Zs IT ^ * ^ ^ 

^agent),an^ 

polymer strands linldns the Mrh l I ^ cross " lmks between the 
--calmodirymta^t^ 

linking agent were cn>ss-linked via an Sl^ 8 ^^^ 
platiuum catalyst a ^ a ^ ^on cio^hnkmg reaction catalysed by a 

• The following were mixed together 

P y ™ CAS [68037-59-2] 
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0.36gvinyltriacetoxysilane CAS [4130-08-9] 

1 drop ofplatinmn-divinyltetrainethyldisiloxane complex, 3-3.5% platinum 
concentration 

0.1 2g Aerosil silica powder, and 
~25ml ofhexane 

• The mixture was mixed well and vibrated m an ultrasonic bath for 1 5 to 30 minutes 
to disperse the particles and form a uniform mixture. Vibration frequencies of about 
40 kHz were used. 

• The mixture was removed from the ultrasonic bath. ' 

• Without allowing the mixture to settle, drops of the mixture were deposited onto the 
surface of the substrate by spray coating. 

• The coated substrate- was allowed to cure at room temperature for 1-2 days. 

The contact, angle and hysteresis of water on the coated surface were measured by an 
automated contact augle instrument goniometer (made by Rame-hart, Inc) to be: 

Glass 

Contact angle: 164° 
Hysteresis: 18° 

20 

Rubber 

Contact angle: 151° 

Hysteresis: 111° . 

25 Example 4 

In this example a hydrophobic coating was applied to the surface of a glass substrate 
and a rubber substrate as described below. The linking agent was vinylsiloxane 
polymer (hydroxy terminated). The polymer strands formed by the linking agent were 
^ cross-linked vra an addition cross-linking reaction catalysed by aplatinum catalyst. 

• The following were mixed together: 

0.25g vinylsiloxane polymer (hydroxy terminated) CAS [67923-19-7] 

0.25ghydrosiloxane polymer CAS [68037-59-2] 

asegmethyltriacetoxysilane CAS [4253-34-3] 

1 drop of platmum-mvmyltetramethyldisiloxane complex, 3-3. 5 o/ 0 platinum 
concentration 

0.1 2g Aerosil silica powder, and 



~25mlofhexane 

• The mixture was mixed well and vibrated in an ultrasonic bath for 15 to 30 minutes 
to disperse the particles and form a uniform mixture. Vibration frequencies of about 
40 kHz were used. 

• The mixture was removed from the ultrasonic bath. 

• Without allowing the mixture to settle, drops of the mixture were deposited onto the 
surface of the substrate by spray coating. 

• The coated substrate was cured at room temperature for 1-2 days. 

The contact angle and hysteresis of water on the coated surfaces were measured by an 
automated contact angle instrument goniometer (made by Rame-hart, Inc) to be: 

Glass 

Contact angle: 163° 
Hysteresis: 94° 

Rubber 

Contact angle: 161° 
Hysteresis: 115° 

Example 5 

In mis example, a hydrophobic coating was applied to a glass substrate and a rubber - 
substrate as described below. The polymer strands were cross-linked via an addition 
cross-lmkmg reaction catalysed by a platinum catalyst. - 

• The following were mixed together: 

0.25g vinylbutadiene-siloxane polymer (50% in toluene) CAS [72905-90-91 
0.25ghydrosfloxanepolymer CAS [68037-59-2] 

0.36g methyltriacetoxysilane CAS r4253.34.3j 

1 drop of platmum-mvmyltetramethyldisiloxane complex, 3-3.5% platinum 
concentration 

0.12g A^rosil silica powder, and 
~ 25 ml of hexane 

• ^mixture «, mixed well and vibrated in an ultraaonie baft for 15 to 30 minutes 
' The mixture was removed from the ultrasonic bath. 
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sorraceoflhe substrate by spray coating. . 
• ^^^^bsirWwasouredatroomtdnperararafoM.a^ 

5 "H 'TT hyStereSiS ° f 00 fte COated «*■« wera measured by an 

automated contest angle instrument goniometec (made ^ to c) to be * " 

Glass 

Contact angle: 164° 
10 Hysteresis: 95° - 

Rubber 

Contact angle: 147° 
Hysteresis: 112° 

15 

tte contact angle of water on the coatings prepared in Examples 1 to 5 was similar to 

polymers, composites and other materials. ceramics, 

tondTZ^T ^ fOUnd CTOSS -^ *• Polymers strands via covalent 
bonds strengthens the network of chemical bonds in ^hydrophobic coaZ JkT 
enhances the durability of the h v *™„u„u- ^ , yuio P aoDlc c °ating, which 
inv _. _ mty 01 me hydrophobic coatmg formed by the method of the present 
Z l\ haVe ^singly found that the durabiUty oiZ 

particulate material are not cross-linked. P«ucies 01 tee 

^Z!Tl ly "* meth0d ° f ^ »— ' mVmto »»• » ^ van«y„f uses 
snbstrate to inhibit me fotTr. , be used to coat the surface of a 
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water, brine solution, inorganic, alkalies or otter eleutrolytos. The method can also bo 
used to from coatings on surfaces to preventicing of tto surface. 

The coatings fcnned by the method of the invention oan also be used to previde and- 
v^la ^ a " ,i " COTrosion fOT other waterways 

Tie ooanngs oan aiso be used to improve tte residence of surfaces to colonisation by' 
b.olog.cal cgamsms sueft as microflora. The coatings can also be used to provide wL 
resistance or water proofing to surfaces. 

The coatings can also be used to reduce drag for water craft. 

ft. tte clauns whicft follow and ft, the preceding description of tte invention, except 
where tte context requires otherwise due to express language or necossary implication, 
the word "comprising" and grammatical variations thereof is used in a„ inclusive sense 
.... tte features specified may be associated with nutter features in various 
embodiments of the invention. 



1. A^offonningahydrophobiccoatmgonthesurf^^ 
method comprising the steps of: 

(a) applying a mixture comprising a particulate material and a linking 
agent to the surface to form a coating on the surface, wherein the 
hnkmg agent is capable of forming a polymer strand linking two or 
more particles of the particulate material and capable of fonning a 
polymer strand linking the surface and one or more particles of the 
particulate material; 

(b) exposing the coating to conditions such that the linking agent forms 
polymer strands linking two or. more particles of the particulate 
material, and forms polymer strands linking the surface and one or 
more particles of the particulate material,, thereby linking the particles 
together and to the surface by polymer strands, and 

(c) exposing the coating to conditions effective to cause at least some of 
* e P°^*tranfc^^ 

and one or more particles, to cross-link with other polymer strands 
hnkmg two or more particles or linking the surface and or one more 
particles, 

2 ' tTT °"° min * " hydro!,hobte °» surface of a substrate, Use 

method comprising the steps of: 

- (a) applying a mixture comprising a particulate material, a linking agent 

and a peroxide, to the surface to form a coating on the surface, wherein 
the hnkmg agent is capable of forming a polymer strand linking two or 
more particles of the particulate materialand capable of forming a 

P^^^g^^aceandoneormoreparticlesofthe • 
particulate material, and wherein the peroxide is capable of causing a 
peroxide catalysed cross-linking reaction between the polymer strands 
formed by the linking agent; 
(b) exposingthe coating to conditions such that the linking agent forms 
polymer strands linking two or more particles of the particulate 
material, and forms polymer strands linking the surface and one or 
more particles of the particulate material, thereby linking the particles 



• together and to the surface by polymer strands and 
(c) exposing the coating to conditions effective to cause a peroxide ' 
catalysed cross-linking reaction between at least some of the polymer 
strands hnkmg two or more particles or linking the surface and one or 
more particles, 

perox.de, ^cMo ro b Mzo ^ pe »xide, benzoyl p^de,.. a ^tea^f. 

mlT ° f f0min8 3 hydropiobic «*>• °" *e surface of a substrate, the 
method composing the steps of: 

(a) W'^ermxi^oomprisingaparticularematerial.al^ 

whemu. the Imkag agent is oapablo of forming a polymer strand 
Wong two or mora particles of the particulate material and capable of 
fommg a polymer strand linking me surface and one or more particles 
of ct, mateiaI ' ** Wherein *° ««— i= capable 

formed by the linking agent; 

(b) exposing the coating to conditions such that the linking agent forms 
polymer strands linking two or more particles of the particulate 
matenal, and forms polymer strands linking the surface and one or 

ZZTT I*" mateiia1 ' the particles 

■ „ togetherandto thesurface bypolymer strands, and 

(c) exposing the coating* conditions effective to cause a platinum 
catalysed cmss-hnking reaction between at least some of the polymer 
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surface to form a coating on the surface, wherein the linking agent is 
capableof forming apolymer strand linking two or more particles of 

the surface and one or more particles of the particulate material, and 
wherein the platinum catalyst is capable of catalysing a vinyl addition 
cross-linking reaction between the polymer having terminated vinyl 
groups and the polymer strands formed by the linking agent- 

(b) exposing the coating to conditions such that the linking agent forms 
polymer strands linking two or more particles of the particulate 
material, and forms polymer strands linking the surface and one or 
more particles of the particulate material, thereby linking the particles 
to g e&CT ^ d tothesurfacebypolymerstrands,and 

(c) exposing the coating to conditions effective to cause a vinyl addition 
cross-linking reaction between the polymer having terminal vinyl 

the surface and one or more particles 

6. A m«hod accord to claim 5 ^ ^ _ 

groups IS scUcto, from me group conaiaring of vinyl ternnnated ^ . 
polytaemylailoxane, vinyl tenmrrated dipbeoyWIoxano^imathyiiloxan. 

copolymer and vinylmethyloxysiloxane homopolymer. • 

h™™«~< ■ i •, J" 1 ^ selected &ora the group txrnsisting of hydroxy 
tejnated vmytaloxane poller, hydroxy te.nuna.ed polydunedrylaUoxTf 
hydroxy,e^ te dp 0 ,ydip h e 0 y^^ e)hytoxyten ^ ' ^ 
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A method according to anyone of claims 1 to 3 wherein the linking agent is a 
polymer or-mixture of polymers selected from the group consisting of modified 
polystyrene, polyethylene*, fluorinated polymers,. and triethyoxysilyl modified 
poly-l,2-butadiene. 

A method according any one of claims 1 to 9 wherein the mixture at step (a) 
further comprises a chemical modifying reagent capable of reacting with at least 
some of the particles of the particulate material to enhance the chemical 
hydrophobicity of the particles. 

A memod according to claim 10 wherein the chemical modifying reagent is a 
" compound containing one or more condensation cure groups and one or more 
Hydrophobic, groups. 

A method according to claim 1 1 .wherein the chemical modifying reagent is a 
compound of the formula SiR(OAc) 3 , where R is an alkyl group, vinyl or 
tnfluropropyl, and Ac is an acetyl group. 

13. Amefcodaccordmg^ 
m matenal compnses silica particles. 
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A method according to claim 13 wherein the silica particles are flame 
hydrolysed silica particles. 

Amethodaccordinglytoanyoneofclaims 1 to 12 wherein the particulate ' 
matenal comprises metal particles, glass particles or particles of a metal oxide. 

A method according to claim 15 wherein the metal oxide is titanium oxide 



^ alumimum oxide, aluminium oxide, zirconium oxide or zinc oxide. 
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A method according to any one of claims 1 to 16 wherein the particles of the 
Peculate matenal have an average particle size of from 1 nm to 500 pan. 
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have an average particle size in the range of from 1 nm to 100 nm. 
A method according to claim 19 wherein the particles of the particulate material 
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have an average particle size in the range of from 1 nm to 50 nm. 

• » 

A method according to any one of claims 1 to .19 whereinstep (b) involves 
heaung.me coating to a temperature and for a time effective for the linkingagent 
to form polymer strands linking two or more particles of the particulate material 
and polymer strands linking the surface and one or more particles of the 
particulate material*. 

A method according to any one of claims 1 to 20 wherein step (c) involves 
heatrng the coating to a temperature of up to 150 °C for a time effective to cause 
tne polymer strands to cross-link. 

22. A method according to any one of claims 1 to 21 wherein steps (b) and (c) are 
earned out simultaneously. 

23. A method according to any one of claims 1 to 21 wherein step (b) is carried out 
prior to step (c). 

24. Amemodaccordmgtoanyoneofclaimslto 

water on the coating formed by the method is at least 150°. 

25. A method according to any one of claims 1 to 24 wherein the contact angle of 
water on the coating formed by the method is at least 1 60°. 
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Acoatingproduced by the method according to any oheof claims 1 to 25. 



27. An object having a surface at least a portion of which is coated with a 

hydrophobe coating formed by the method according to any one of claims 1 to 
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Dated this 11th day of April 2003 
UNISEARfTT T TMm?n 

By their Patent Attorneys 
GRIFFITH HACK 
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